
BELLCOMM, I N C .  
955 L'ENFANT PLAZA NORTH, S.W. WASHINOTON, D.C.  20024' 

DATE: September 2 ,  1969 SUBJECT: A Star Finder and Identifier 
for Use on the Surface of the 
Moon - Case 310 FROM: D. A. Corey 

(NASA-CR-109062) A STAR F I N D E R  A N D  
I D E N T I F I E R  FCR USE ON THE SURFACE OF THE 
YOON (Bellcomm, Inc.) 70 p 

W79-72261 ' 

Dnclas 
00/17 11717 



BELLCOMM, I N C .  
955 L'ENFANT PLAZA NORTH. S.W. WASHINGTON. D. C. 20024 

~ ~~ 

SUBJECT: A Star Finder and Identifier 
for Use on the Surface of the 
Moon - Case 310 

* DATE: September 2, 1 9 6 9  
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ABSTRACT 

Two versions of a Star Finder and Identifier applicable 
for a lunar surface observer have been developed. One version 
is derived from an existing device familiar to earth based navi- 
gators. The other version is a new device which features easier 
readability for an observer located near the equator. 

Both versions depict the apparent azimuth and elevation 
of stars and planets, given an estimate of the observer's position 
and the time of the observation. 

The device is to be used in conjunction with a special 
almanac, a limited version of which is included. 

The devices may be used for planning purposes, that 
is, to determine at a time prior to the observation what stars 
will be available for the observation. In addition, they can 
aid an observer in identifying a visible star when poor visi- 
bility precludes the normal method of identifying a star by its 
relationship to neighboring stars. 
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INTRODUCTION 

T h i s  memorandum d e s c r i b e s  a device  which can h e l p  a 
n a v i g a t o r  o p e r a t i n g  on t h e  l u n a r  s u r f a c e  i d e n t i f y  n a v i g a t i o n  
stars and p l a n  h i s  s tar s i g h t s .  T y p i c a l l y ,  such d e v i c e s  a r e  
used by earth based n a v i g a t o r s  f o r  t w o  purposes .  F i r s t ,  t h e y  
e n a b l e  a n a v i g a t o r  t o  p l a n  a s tar  s i g h t  schedule  w e l l  i n  ad- 
vance o f  t h e  a c t u a l  t i m e  of obse rva t ion  by d i s p l a y i n g  w h a t  
s tars w i l l  be v i s i b l e  and t h e i r  r e l a t i v e  l o c a t i o n s .  Second, 
v i s i b i l i t y  may be restricted by c loud  cover  a t  t h e  t i m e  of t h e  
a c t u a l  o b s e r v a t i o n s  and i d e n t i f i c a t i o n  of v i s i b l e  stars by 
l o c a t i o n  i n  a c o n s t e l l a t i o n  may be d i f f i c u l t .  I n  t h i s  s i t u a -  
t i o n  a v i s i b l e  star can o f t e n  be i d e n t i f i e d  by n o t i n g  i t s  
approximate e l e v a t i o n  and azimuth and checking t h e  s t a r  f i n d e r  
f o r  t h a t  e l e v a t i o n  and azimuth. 

The Apollo a s t r o n a u t s  on t h e  l u n a r  s u r f a c e  face 
s i m i l a r  problems. Although t h e r e  are no p l a n s  for  us ing  l u n a r  
s u r f a c e  s t a r  s i g h t s  for  determining p o s i t i o n ,  s t a r  s i g h t s  w i l l  
be used f o r  al ignment  of t h e  i n e r t i a l  p l a t fo rm.  Mission plan-  
n ing  a c t i v i t i e s  i nc lude  de te rmina t ion  of what  s t a r s  w i l l  be 
a v a i l a b l e  f o r  t h e  p l a t fo rm alignment t a s k .  I t  i s  thought  t h a t  
a v i s i b i l i t y  problem may e x i s t  because of s u n l i g h t  r e f l e c t e d  
f r o m  LM s u r f a c e s  i n t o  t h e  o p t i c s ,  making it d i f f i c u l t  o r  i m -  
p o s s i b l e  t o  see any b u t  t h e  b r i g h t e s t  s tars.  I n  a d d i t i o n ,  i f  
t h e  sun  appears  i n  a d e t e n t  of t he  Alignment O p t i c a l  T e l e -  
scope ( A O T ) ,  it "washes o u t "  any stars v i s i b l e  i n  t h a t  d e t e n t .  
S i m i l a r l y ,  t h e  ear th  "washes ou t "  stars located very  n e a r  it. 
T h e  sun w i l l  normally be l o c a t e d  below t h e  rear d e t e n t  for  
Apollo l and ing  miss ions ,  b u t  t he  e a r t h  w i l l  appear  i n  one or  
more of t h e  d e t e n t s  for many of t h e  planned Apollo l and ing  
sites. 

0 
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DESCRIPTION O F  THE DEVICE - CIRCULAR VERSION 

Two v e r s i o n s  of t h e  S t a r  F inder  and I d e n t i f i e r  have 
been developed. The c i r c u l a r  v e r s i o n  i s  based on a dev ice  
o r i g i n a l l y  invented  by Captain G .  T .  Rude, USC&GS, and l a t e r  
modif ied by E.  B.  C o l l i n s  of t h e  U .  S .  Navy Hydrographic O f f i c e .  
The c u r r e n t  model - known a s  HO N o .  2102-D - i s  a v a i l a b l e  from 
s e v e r a l  s u p p l i e r s  (among t h e m  a r e  Weems and P l a t h  of Annapolis,  
Md.). The l u n a r  model i s  ident ical  i n  form b u t  s t a r  p o s i t i o n s  
have been changed t o  adap t  i t  t o  a moon-based coord ina te  system. 

The c i r c u l a r  S t a r  Finder  and I d e n t i f i e r  c o n s i s t s  of  a 
t h i n  wh i t e  opaque p l a s t i c  d i s c  about  8 1 / 2  inches  i n  d iameter ,  
and s e v e r a l  clear p l a s t i c  t e m p l a t e s .  An angu la r  scale from 0 
through 360 degrees  i s  p r i n t e d  around t h e  o u t s i d e  of t h e  d i s c  
on bo th  s i d e s .  P o i n t s  and l a b e l s  r e p r e s e n t i n g  t h e  s t a r  loca-  
t i o n s  are p r i n t e d  on both  s i d e s  of t h e  d i s c .  (F igu res  1 A  and 
1 B  show t h e  t w o  sides of t h e  d i s c . )  The s t a r  l o c a t i o n s  are 
p l o t t e d  on t h e  d i s c  accord ing  t o  t h e i r  r e s p e c t i v e  l u n a r  r i g h t  
a scens ions  and l u n a r  d e c l i n a t i o n s .  For t h e  purpose of t h i s  
memorandum,lunar r i g h t  ascension and l u n a r  d e c l i n a t i o n  are 
d e f i n e d  analogously t o  t h e  usua l  r i g h t  ascens ion  and d e c l i n a t i o n  
e x c e p t  t h a t  t h e  l u n a r  equa to r  i s  t h e  r e f e r e n c e  p l ane  and t h e  
i n t e r s e c t i o n  o f  t h e  e c l i p t i c  with t h e  l u n a r  equa to r  - t h e  l u n a r  
equinox - forms t h e  r e f e r e n c e  d i r e c t i o n .  The angu la r  scale on 
t h e  edge of t h e  disc  r e p r e s e n t s  t h e  l u n a r  r i g h t  ascens ion  
(measured i n  d e g r e e s ) .  Linear  d i s t a n c e  from t h e  c e n t e r  r ep re -  
s e n t s  l u n a r  d e c l i n a t i o n ,  w i th  one l u n a r  ce les t ia l  p o l e  r ep resen ted  
a t  t h e  c e n t e r  and t h e  o t h e r  a t  t h e  edge of t h e  d i s c .  One s i d e  
of  t h e  d i s c  has  t h e  l u n a r  no r th  c e l e s t i a l  p o l e  a t  t h e  c e n t e r  
and t h e  o t h e r  s ide has  t h e  lunar  s o u t h  ce l e s t i a l  p o l e  a t  t h e  
c e n t e r .  ( N o t e ,  however, t h a t  t h e  e n t i r e  ce l e s t i a l  sphe re  i s  
r e p r e s e n t e d  on each s i d e  of t h e  d i s c . )  
between t h e  c e n t e r  and t h e  o u t s i d e  of t h e  d i s c  r e p r e s e n t s  t h e  
l u n a r  ce les t ia l  equa to r .  

A c i rc le  p r i n t e d  halfway 

Any s e t  of s tars  can be p l o t t e d  on t h e  d i s c .  The s e t  
s e l e c t e d  f o r  F igu res  1 A  and 1B (and F igure  3 )  are t h e  3 7  navi -  
g a t i o n  stars i n  t h e  Apollo s t a r  c a t a l o g  p l u s  t h e  remainder of  
t h e  stars l i s t e d  i n  t h e  1 9 6 9  American Ephemeris and N a u t i c a l  
Almanac which have magnitudes numer ica l ly  less than  2 . 0 .  Table  1 
p r e s e n t s  a l i s t  of t h e s e  s ta rs ,  t h e i r  magnitude, and t h e i r  sele- 
n o c e n t r i c  e q u a t o r i a l  coord ina tes .  

t h e  base d i sc  by t h e  symbols used t o  indicate  t h e  s tar  positions. 
R e l a t i v e  magnitudes of t h e  stars are r ep resen ted  on 
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The symbols are defined as follows: 

STAR MAGNITUDE SYMBOL 

- w < magnitude < 2.0 0 

2.0 - < magnitude < 3 . 0  0 

3 . 0  - < nagnitude < OD 

The coordinate system in which lunar right ascension 
and declination are defined is a selenocentric equatorial coor- 
dinate system with the x-axis pointed towards the mean lunar 
equinox of July 20, 1969, 0000 hours Greenwich Mean Time, and 
the z-axis pointed north along the axis of lunar rotation at 
the same instant of time. For greatest accuracy, it is best to 
define the coordinate system near the time the device is to be 
used, though the error incurred by not doing so is small. More 
will be said of this later in the discussion of the almanac. 

The clear plastic templates are called "altitude- 
azimuth" templates and fit over the base by putting the peg on 
the disc through the hole at the center of the template. The 
template is then free to rotate about the center. A different 
template is provided for each of several different selenographic 
latitudes. The user selects the template for the latitude near- 
est his own. The lines printed on the templates represent lines 
of equal elevation and lines of equal azimuth (see Figures 2A, 2B, 
2C and 2D). The outermost elevation line represents the obser- 
ver's visible horizon and a small cross near the center of the 
figure represents the observer's zenith. The straight line from 
the center of the template, through the zenith cross, to the edge 
of the template represents the observer's north-south line. In 
use, the arrowhead on the end of this line is aligned with the 
angle scale printed on the base disc so that the angle indicated 
corresponds to the observer's local hour angle of the lunar equi- 
nox (derived from the local hour angle of the equinox at the 
prime meridian obtained from an almanac and the observer's esti- 
mated longitude). When properly oriented, any of the stars printed 
on the base which fall within the figure on the template (within 
the horizon line) are visible to the observer and the apparent 
azimuth and elevation of the star are indicated by the lines on 
the template. 

0 

The templates can, of course, have additional aids 
printed on them. The templates in Figures 2A, 2B, 2C and 2D 
each have six additional curves which represent the limits of 
visibility through each of the six detents of the Lunar Module 
AOT. These curves were plotted assuming that the Lunar Module 
lands level (body x-axis along the local vertical) and with a 
landing azimuth of 270 degrees (body z-axis 270 degrees from 
local north). Except for certain special cases, it is difficult 0 
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t o  v i s u a l i z e  how t h e  d e t e n t  v i s i b i l i t y  cu rves  should  be a d j u s t e d  
f o r  a LM i n  an a t t i t u d e  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  pa r -  
titular a t t i t u d e  assumed when t h e  p l o t s  a r e  made. The a l t i t u d e  - 
azimuth data  i s  more dependable s i n c e  it does n o t  depend on LM 
a t t i t u d e .  

* 
Each of t h e  templa tes  can be used f o r  an  obse rve r  a t  

e i t he r  t h e  n o r t h  or  sou th  l a t i t u d e  of t h e  a p p r o p r i a t e  v a l u e .  An 
obse rve r  a t  2 degrezs  n o r t h  l a t i t u d e ,  f o r  example, should use  
t h e  s i d e  of t h e  base d i s c  w i t h  no r th  a t  t h e  c e n t e r  and p l a c e  t h e  
t empla t e  such t h a t  t h e  l a b e l  " 2 "  NORTH" appears  c o r r e c t l y .  The 
l a b e l  " 2 "  SOUTH" w i l l  appear  t o  be p r i n t e d  backwards. S i m i l a r l y ,  
t w o  sets of numbers are p r i n t e d  on t h e  t empla t e  as l a b e l s  f o r  t h e  
l i n e s .  One set  w i l l  appear  t o  be p r i n t e d  backwards and is  n o t  
used by t h e  obse rve r .  

DESCRIPTION OF THE DEVICE - RECTANGULAR VERSION 

The o ther  v e r s i o n  of t h e  dev ice  performs t h e  s a m e  func- 
t i o n  b u t  it i s  n o t  based on any device known by t h e  au tho r .  In  
t h i s  v e r s i o n ,  t h e  base c o n s i s t s  of  a whi te  opaque p l a s t i c  rec- 
t a n g l e .  The s t a r  p o s i t i o n s  are p l o t t e d  on t h e  base, a g a i n  w i t h  
r e s p e c t  t o  t h e i r  l u n a r  r i g h t  ascens ion  and d e c l i n a t i o n .  
case, both  l u n a r  r i g h t  ascens ion  and l u n a r  d e c l i n a t i o n  a r e  p l o t t e d  
as  r e c t a n g u l a r  c o o r d i n a t e s  w i t h  r i g h t  a scens ion  p l o t t e d  l eng th -  
w i s e  on t h e  r e c t a n g l e  and d e c l i n a t i o n  p l o t t e d  v e r t i c a l l y  (see 
F i g u r e  3 ) .  The t o p  of t h e  r e c t a n g l e  r e p r e s e n t s  t h e  l u n a r  n o r t h  
p o l e ,  t h e  bottom t h e  l u n a r  sou th  p o l e ,  and a l i n e  halfway between 
r e p r e s e n t s  t h e  l u n a r  equa to r .  A s c a l e  p r i n t e d  along t h e  bottom 
r e p r e s e n t s  r i g h t  a scens ion  from 0" through 360O. For convenience 
i n  u s e ,  t h e  scale and s ta r  p l o t s  a r e  r epea ted  t o  t h e  r i g h t  of t h e  
f i r s t  p l o t .  Again, s e v e r a l  t empla tes  are provided f o r  obse rve r s  
a t  d i f f e r e n t  l a t i t u d e s .  Lines of equa l  azimuth and e l e v a t i o n  
and labels  are p r i n t e d  on t h e  clear p l a s t i c  t empla t e s .  (See 
F i g u r e s  4 A ,  4 B ,  4 C ,  and 4 D ) .  The outermost  curve  on t h e  f i g u r e  
r e p r e s e n t s  t h e  v i s i b l e  horizon and t h e  v e r t i c a l  l i n e s  i n  t h e  
c e n t e r  of t h e  f i g u r e s  r e p r e s e n t  t h e  o b s e r v e r ' s  nor th-south  l i n e .  
The t empla t e  i s  formed as a s l e e v e  which s l i p s  on to  t h e  base 
r e c t a n g l e  and i s  free t o  s l i d e  l e f t  and r i g h t  a long  t h e  base. 
I n  u s e ,  t h e  arrow on t h e  bottom of t h e  nor th-south  l i n e  i s  set 
on t h e  r i g h t  a scens ion  s c a l e  t o  t h e  v a l u e  of t h e  l o c a l  hour 
a n g l e  of t h e  l u n a r  equinox. As b e f o r e ,  t h e  l i n e s  on t h e  templa te  
i n d i c a t e  t h e  appa ren t  azimuth and e l e v a t i o n  of t h e  stars l o c a t e d  
benea th  them on t h e  base rec t ang le .  The l i m i t s  of v i s i b l i t y  
through t h e  Lunar Module AOT d e t e n t s  are i n d i c a t e d  on F igu res  4A - 4D. 

located a t  e i t h e r  sou th  or no r th  l a t i t u d e  of t h e  same numerical  
v a l u e .  An obse rve r  l o c a t e d  a t  2 degrees  n o r t h ,  f o r  example, 
shou ld  p l a c e  t h e  templa te  on t h e  base  so t h a t  t h e  l a b e l  " 2 "  NORTH" 
appea r s  r i g h t  side up and t h e  label  " 2 "  SOUTH" appears  ups ide  
down. The numbers p r i n t e d  r i g h t  side up are t h e n  c o r r e c t .  

I n  t h i s  

0 

Again, t h e  same templa te  can be used f o r  an obse rve r  

a 
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The advantage of t h i s  v e r s i o n  i s  t h a t  t h e  templa te  i s  
a l i t t l e  easier t o  r ead  f o r  an obse rve r  n e a r  t h e  equa to r .  

0 
Note t h a t  t h i s  ve r s ion  of t h e  dev ice  can a l s o  be 

adapted  t o  work f o r  an  ear th-based n a v i g a t o r .  

THE ALMANAC 

I n  o r d e r  t o  use  t h e  S ta r  F inde r ,  knowledge of t h e  
o b s e r v e r ' s  l o c a l  hour ang le  of t h e  l u n a r  equinox is  r e q u i r e d  
j u s t  as t h e  l o c a l  hour a n g l e  of t h e  equinox i s  r e q u i r e d  t o  use  
t h e  ear th-based  device .  The l o c a l  hour  ang le  of t h e  l u n a r  equ i -  
nox i s  d e r i v e d  from t h e  l o c a l  hour a n g l e  of t h e  l u n a r  equinox 
a t  t h e  l u n a r  prime mer id ian  (0 deg rees  se l enograph ic  l o n g i t u d e )  
f o r  t h e  t i m e  of t h e  obse rva t ion  and an e s t i m a t e  of t h e  o b s e r v e r ' s  
s e l enograph ic  long i tude .  The f i r s t  f i g u r e ,  which w i l l  be called 
t h e  " P r i m e  Hour Angle of  t h e  Equinox" (PHAE) ,  i s  ob ta ined  from 
a n  accompanying almanac. A sample almanac i s  p resen ted  i n  
Table  I1 f o r  t h e  J u l y  1 9 6 9  through January.1970 pe r iod .  T h e  
PHAE i s  re fe renced  t o  t h e  mean l u n a r  equinox of t h e  same date 
as t h e  s e l e n o c e n t r i c  coord ina te  system used t o  d e f i n e  t h e  s t a r  
l o c a t i o n s .  The PHAE e n t r i e s  i n  the almanac w e r e  determined i n  
t h e  fo l lowing  manner. The PHAE f o r  t h e  r e f e r e n c e  d a t e ,  i n  t h i s  
case J u l y  20 ,  1 9 6 9 ,  0000 hours GMT, i s  determined from l u n a r  
ephemeris d a t a .  It  i s  t h e n  propagated t o  o t h e r  d a t e s  and t i m e s  
by app ly ing  a c o n s t a n t  angular  r o t a t i o n  r a t e  which r e p r e s e n t s  
t h e  i n e r t i a l  rate of r o t a t i o n  of t h e  moon. T h e  effects of 
p h y s i c a l  l i b r a t i o n ,  which a r e  comple te ly  n e g l i g i b l e  f o r  t h e  
purposes  of t h e  S t a r  F i n d e r ,  are ignored .  

0 

The almanac a lso provides  d a t a  f o r  i n c l u d i n g  t h e  loca- 
t i o n s  of t h e  Sun, Ea r th ,  Mars, Venus, Sa tu rn  and J u p i t e r  on t h e  
S t a r  F inder .  Because of  t h e  compara t ive ly  r a p i d  movement of 
these bodies, t h e i r  l o c a t i o n s  a t  t h e  t i m e  of t h e  in tended  ob- 
s e r v a t i o n  must be p l o t t e d  on t h e  s tar  f i n d e r  base by t h e  u s e r .  
Right  a scens ion  and d e c l i n a t i o n  d a t a  f o r  these bodies  i s  provided 
w i t h  each PHAE e n t r y  i n  the almanac. T h i s  d a t a  w a s  d e r i v e d  from 
t h e  JPL ephemeris t a p e s  (DE19) and r o t a t e d  i n t o  t h e  same coor- 
d i n a t e  system used t o  p l o t  t h e  s ta r  loca t ions  on t h e  S ta r  F inde r  
base. A s e p a r a t e  t empla t e  i s  provided t o  f a c i l i t a t e  p l o t t i n g  
t h e  l o c a t i o n s  of t h e s e  bodies.  See F igu res  5A and 5B.  These 
t empla t e s  f i t  t h e  s t a r  f i n d e r  base  i n  t h e  same manner as t h e  
a l t i t u d e  - azimuth templa tes .  The z e r o  degree  meridian l i n e s  
on t h e  t empla t e s  have an arrow which is  t o  be used w i t h  t h e  
r i g h t  a scens ion  scale on t h e  base .  Along t h e  z e r o  meridian l i n e  
i s  a d e c l i n a t i o n  scale and a p o r t i o n  of t h e  templa te  i s  c u t  o u t  
a d j a c e n t  t o  t h e  l i n e  t o  fac i l i t a te  p l o t t i n g  d i r e c t l y  on t h e  
s t a r  f i n d e r  base. 
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The p e r i o d i c  p recess ion  of t h e  l u n a r  r o t a t i o n a l  a x i s  
about  t h e  n o r t h  p o l e  of t h e  e c l i p t i c  w i l l  cause some e r r o r  when 
t h e  d e v i c e s  a r e  used f o r  an obse rva t ion  d a t e  s u b s t a n t i a l l y  d i f -  
f e r e n t  from t h e  d a t e  used t o  d e f i n e  t h e  s e l e n o c e n t r i c  e q u a t o r i a l  
c o o r d i n a t e  system. A maximum error of about  t h r e e  degrees  w i l l  
be p r e s e n t  f o r  an obse rva t ion  d a t e  n i n e  y e a r s  a f t e r  t h e  r e f e r e n c e  
c o o r d i n a t e  system d a t e .  The m a x i m u m  error becomes ve ry  n e a r l y  
zero about  e i g h t e e n  y e a r s  a f t e r  t h e  r e f e r e n c e  c o o r d i n a t e  system 
d a t e .  The sun and p l a n e t a r y  d a t a  p re sen ted  i n  t h e  almanac does  
n o t  s u f f e r  from t h i s  error  but  c o r r e c t i n g  t h e  s t a r  d a t a  would 
r e q u i r e  r e - p l o t t i n g  t h e  s t a r  p o s i t i o n s  on t h e  base .  

INSTRUCTIONS AND EXAMPLES 

To Find or  I d e n t i f y  Celest ia l  Bodies 

Determine from t h e  almanac t h e  PHAE ( l o c a l  hour  a n g l e  
of t h e  l u n a r  equinox a t  t h e  p r ime  mer id ian)  f o r  t h e  d a t e  and 
t i m e  c l o s e s t  t o  t h e  t i m e  of obse rva t ion .  Convert PHAE t o  LHAE 
( local  hour ang le  of t h e  l u n a r  equinox)  by s u b t r a c t i n g  w e s t  
l o n g i t u d e  or adding east  long i tude .  Select t h e  az imuth-e leva t ion  
t empla t e  f o r  t h e  l a t i t u d e  n e a r e s t  t h e  o b s e r v e r ' s  p o s i t i o n .  I n  
t h e  case of  t h e  c i r c u l a r  star f i n d e r ,  c e n t e r  t h e  t empla t e  ove r  
t h e  s t a r  base  so t h a t  t h e  templa te  and s t a r  base  conform t o  t h e  
hemisphere of t h e  obse rve r .  I n  t h e  case of t h e  r e c t a n g u l a r  s t a r  
f i n d e r ,  f i t  t h e  templa te  on t h e  s t a r  base  so t h a t  t h e  l a t i t u d e  
l a b e l  corresponding t o  t h e  o b s e r v e r ' s  l a t i t u d e  i s  r ead  r i g h t  s i d e  
up. Ro ta t e  o r  s l i d e  t h e  t e m p l a t e  u n t i l  t h e  arrow i s  over  LHAE. 
The approximate a l t i t u d e  and azimuth of ce les t ia l  bod ies  above 
t h e  ho r i zon  are t h e n  i n d i c a t e d  by t h e  curves .  Example - J u l y  2 0 ,  
1969, 1800 hours  GMT, l a t i t u d e  - .6 'N,  e s t ima ted  l o n g i t u d e  - 
23.65'E. Find a l t i t u d e  and azimuth of n a v i g a t i o n a l  stars i n  or  
n e a r  t h e  forward AOT d e t e n t s .  

0 

GMT 18:OO J u l y  20 

PHAE 198.44 

Long. 23.65 E (add)  

LHAE 2 2 2 . 0 9  

S e l e c t  t h e  templa te  f o r  O o  l a t i t u d e ,  p l a c e  it on t h e  s ta r  base  
and set  arrow on Oo-18O0 azimuth l i n e  on 222.09'. The fo l lowing  
stars appear  i n  t h e  f r o n t  d e t e n t s  
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STAR NAME 

DIPHDA 

EN IF 

FOMALHAUT 

ALPHERATZ 

ACAMAR 

NAVI 

ACHERNAR 

- 7 -  

AZIMUTH 
(degrees 1 

236 

293 

24 6 

320 

189 

4 

2 0 4  

50  

22 

24 

55 

35 

41 

18 

To Plot Sun, Earth, Planets, or Additional Stars 

tion and lunar right ascension. Place the plotting template 
on the star finder base. (In the case of the circular star 
finder, be certain that the side of the star base conforms to 
the observers hemisphere (N or S)) . Adjust the template so 
that the arrow on the 0' meridian line is on the correct right 
ascension. Plot the body on the 0' meridian using the declina- 
tion scale. Be certain that bodies are plotted on the proper 
side of the celestial equator (north declination towards north 
pole and vice versa). 

If the Earth is plotted on the star finders for the 
time and date given in the example, it can be determined that 
for the observer's position in that example, the earth is 
visible at an elevation of 5 9 O  and an azimuth of 272'.  

Determine from the almanac the body's lunar declina- 

0 

2011-DAC-Vh scs 

Attachments 
Tables I and I1 
Figures 1A - 5B 
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FIGURE 2A 
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FIGURE 2D 
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,6 DEGREES LATITUDE 

os 
160 



NORTH POLE 

@ VEGA 

0 ALKAIO 

@ ALPHECCA 

@ ARCTURUS 

0 RASALHAGUE 

@ ALTAIR 

B DENEB 

@ NAVl 

0 ENlF 

@ ALPHERATZ 

DABlH CELESTIAL EOUATOR 

0 NUNKI OSPlCA 
0 ANTARES 

@ GIENAH I 0 SHAULA 

0 MENKAR 
BEL1 

I Q FOMALHAUT @ OIPUDA 0 MENKENT I 

HAOAR 0 @RIGEL KENT. 
BATRIA 

GACRUX Q MIMOSA 

0 ACRUX 

0 PEACOCK 

ACAMAR 

e ACHERNAR 

I @ MIAPLACIDUS I 
~ 



@ POLARIS 

@ ALIOT 

RNOCES 

(B CAPELLA 

Q CASTOR DENEBOLAG 
Q POLLUX 

0 ALPHARD 

0 SIRIUS 

@ ADHARA 

0 REGOR 

AVIOR @ 8 CANOPUS 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 

- i 

@ VEGA 

0 POLARIS 

0 DENEB 

9 ALKAID 

@ NAVl 

@ ALWECCA 

0 ARCTURUS 

@ RASALHAGUE 

0 ALTAIR 

@ ENIF 

@ ALPHERATZ 

0 MIRFAK 

@ CAPELLA 

DNOCES 

ALIOTH 

Q CASTOR D E N E B O L A ~  
8 POLLUX 0 ELNATH 

OABlH CELESTIAL EQUATOR a REGULUS 

@SPICA 0 NUNKI e ALDEBARAN 0 ALHENA 0 ANTARES 

@ GIENAH @ SHAULA 

0 ALPHARD 0 MENKENT 6 FOMALHAUT 0 DIPHDA QALNILAM 

MIAPLACIDUS 

RIGEL 

0 PEACOCK 

ACAMAR 

8 ACHERNAR 

SIRIUS 

0 ADHARA 

e CANOPUS 

REGOR 

AVIOR 0 

340 350 

FIGURE 3 
RECTANGULAR STAR BASE 



6' NORTH 

FIGURE 2D 
TH -ELEVATION TEMPLATE (CIRCULAR) 





4 
0 

N a 



I 
I- 
Tc 

9 0 '  
z 

a 0 
(D * 
0 

P 
' 0 "  

I 



I 
l- a 

- 0  
z 
10 

0 





t 
NOWW DECLfflATION 

SOUTH DECLINATION 

FIGURE 58 ~ RECTANGULAR PLOTTING TEMPLATE 



B E L L C O M M .  INC. 

Subject: A Star Finder and Identifier From: D. A. Corey 
for Use on the Surface of the 
Moon 

Distribution List 

Complete Memorandum to 

NASA Headquarters 

T. A. Keegan/MA-2 

MSC 

C. C. Allen/FM3 
F. V. Bennett/FM2 
G. Colton/CF34 
G. E. Gentry/CF34 
T. A. Guillory/CF34 
E. C. Lineberry/FM6 
A .  N. Lunde/FM3 
R. H. Nute/CF32 
C. L. Stough/CF34 
H. W. Tindall, Jr./FM 

BTL 

A. E. Hirsch/MH 

Bellcomm, Inc. 

D. R. Anselmo 
A. P. Boysen, Jr. 
G. L. Bush 
J. 0.  Cappellari, Jr. 
F. El-Baz 
D. R. Hagner 
W. G. Heffron 
N. W. Hinners 
T. B. Hoekstra 
B. T. Howard 
D. B. James 
J. L. Marshall, Jr. 

J. Z. Menard 
V. S. Mummert 
B. G. Niedfeldt 
P. E. Reynolds 
J. W. Timko 
R. L. Wagner 
M. P. Wilson 
All Members Department 2011 
Central Files 
Department 1024 File 
Library 

Abstract Only to 

I. M. Ross 


